Proportions of cellulolytic and amylolytic bacteria in particle associated rumen bacteria were estimated from odd and branched chain fatty acid patterns. Whole rumen contents were collected from four dairy cows and particle associated bacteria were separated by differential centrifugation. The experiment was according to a 4×4 Latin square design with diets differing in forage:concentrate ratio, ranging from 80:20 to 35:65. Proportions of cellulolytic bacteria decreased with increasing dietary proportion of concentrate and estimates were in general agreement with population assessments obtained both by traditional bacterial enumerations and more recent molecular techniques.
INTRODUCTION
The analysis of microbial lipids has been used for the estimation of proportions of microbial species and groups in natural mixed microbial communities. Although the fatty acid composition of many rumen bacteria has been determined, little attempt has so far been made to use lipid markers for the analysis of mixed cultures of rumen micro-organisms. Nevertheless, recent research at our department showed changes in the rumen fermentation pattern during in vitro incubations to be closely related with shifts in odd and branched chain fatty acids (OBCFA) . In addition, we were able to distinguish two major groups of rumen bacteria, i.e. particle and liquid associated bacteria, using OBCFA (Dufour et al., 2004) . The aim of this experiment was to evaluate the effect of diet forage:concentrate ratio (F:C) on the proportions of cellulolytic and amylolytic bacteria in particle associated rumen bacteria, as estimated from OBCFA. For this purpose, literature data of the OBCFA composition of pure rumen bacterial species were used.
MATERIAL AND METHODS

Experimental design, sampling and analysis
The experiment was according to a 4× 4 Latin square design with four dairy cows in mid-lactation. Dietary treatments were based on ad libitum access to ryegrass silage and a standard dairy concentrate with F:C ratios of 80:20, 65: 35, 50:50, 35 :65 on a DM basis (Moorby et al., 2002) . Particle associated bacteria were separated from rumen contents two h after the morning feeding by differential centrifugation (Lee et al., 1999) , freeze-dried and analysed for fatty acid methyl esters, using modifi ed Folch extractions .
Calculations
Based on literature data of the OBCFA composition of pure rumen bacterial species (Ifkovits and Ragheb, 1968; Miyagawa et al., 1979 Miyagawa et al., , 1980 Miyagawa, 1982; Minato et al, 1988; Saluzzi et al., 1993; Bae et al., 2000) , proportions of cellulolytic (Fibrobacter succinogenes, Ruminococcus albus and Ruminococcus fl avefaciens) and amylolytic bacteria (Selenomonas ruminantium, Succinivibrio dextrinosolvens, Succinimonas amylolytica, Streptococcus bovis, Ruminobacter amylophilus) in particle associated bacteria were calculated by linear programming using the solver in Microsoft Excel.
Statistical analysis
Effect of F:C ratio on OBCFA and proportions of cellulolytic and amylolytic bacteria were evaluated using General Linear Model procedures (univariate) according to: Y ij = µ + F:C + C i + P j + ε ij , with µ, the observed mean, F:C, the effect of dietary forage proportion (covariable), C j , the cow effect (random effect), P j , the period effect (random effect) and ε ij the residual error. All analysis were carried out using SPSS (release 11.0, Chicago, IL, USA). Table 1 shows the effect of dietary forage on the OBCFA profi le of particle associated rumen bacteria. A decrease in F:C was accompanied with lower levels of C 15:0 and higher levels of anteiso C 15:0 . Pentadecanoic acid (C 15:0 ) and its isomers accounted for most of the OBCFA (53%). Besides OBCFA of Table 1 , other OBCFA were present in low amounts, iso C 13:0 (0.8%), iso C 14:0 (3.6%), iso C 18:0 (2.1%), anteiso C 13:0 (1.5%), anteiso C 14:0 (1.2%), C 17:1 (1.5%). The estimated proportion of two major bacterial groups in the rumen (amylolytic and cellulolytic bacteria) is presented in Table 2 . On average, 18.1% of the bacteria associated with the solid phase were estimated to be celullolytic, a proportion which increased with increasing proportion of forage in the diet. In contrast, amylolytic bacteria (57.7 %) decreased with increasing proportion of dietary forage. p -effect of proportion of forage in the diet, *** P<0.001 DISCUSSION Although the estimations, based on OBCFA, were not validated with results obtained by molecular detection methods, there are indications suggesting OBCFA can be used for the estimation of the proportions of microbial groups in the rumen. Firstly, estimated proportions of cellulolytic bacteria were in line with fi ndings from Martin et al. (2001) (13.6 to 24.7%), although Weimer et al. (1999) reported lower values (0.3 to 3.9%). Moreover, the decrease in proportion of cellulolytic bacteria with decreasing F:C ratio is in agreement with results reported by Weimer et al. (1999) and Tajima et al. (2001) . Additionally, the rumen pH was longer below the lower limit for the growth of cellulolytic bacteria (pH < 6.0) in the high concentrate diet (0.0, 0.8, 1.6, 2.6 h, for F:C ratios of 80:20, 65:35, 50:50, 35 :65, respectively, P<0.05).
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Obviously, higher dietary concentrate proportions were associated with lower rumen acetate proportions, which is in accordance with lower contribution of cellulolytic bacteria, although we have to realise rumen VFA arise from the diverse microbiota present in the rumen, including liquid associated bacteria and protozoa, besides the particle associated bacteria which were studied here.
CONCLUSIONS
The results suggest that OBCFA-profi le have potential to be used for the estimation of proportions of microbial groups in the rumen, though this should be further validated by the use of molecular microbial ecology techniques.
